1.. Introduction {#S0001}
================

Post-traumatic stress disorder (PTSD) is a debilitating psychological disorder arising after the direct or indirect experience of a traumatic event. Traumatic events are common, with 60--90% of individuals being exposed to at least one traumatic event during their lifetime (Kilpatrick et al., [2013](#CIT0034)). However, lifetime prevalence estimates of PTSD are 3.9% in adults (Koenen et al., [2017](#CIT0036)) and 5% in children (Merikangas et al., [2010](#CIT0039)). Most individuals recover from traumatic events without intervention within six months (Foa & Riggs, [1995](#CIT0020); Hiller et al., [2016](#CIT0026)). Research has therefore concentrated on identifying risk factors for the development of PTSD, with much research attention over the past 15 years being given to the role of appraisals.

Appraisals have come to be central components of many theoretical models of emotion (Dalgleish, [2004b](#CIT0013)) and several cognitive models of PTSD give appraisals a central role in explaining individual differences in PTSD outcomes (e.g. Brewin, Dalgleish, & Joseph, [1996](#CIT0007); Dalgleish, [2004a](#CIT0012); Ehlers & Clark, [2000](#CIT0018); Foa & Riggs; [1995](#CIT0020)). The cognitive model described by Ehlers and Clark ([2000](#CIT0018)) has had considerable influence. In this model, disturbance in autobiographical memory, maladaptive appraisals and poor coping strategies create a sense of current threat that is central to the development and maintenance of PTSD. The model proposes that highly threatening appraisals related to the trauma and its aftermath may be developed, such as the overgeneralisation of danger ('bad things always happen to me') or judgements of their own actions ('I should have coped better'). Appraisals of trauma sequelae are also hypothesised to be central to the maintenance of persistent negative emotions. These may relate to specific symptoms (e.g. intrusions as a sign they are 'going crazy') or their future ('I will never be the person I was again'). In addition to directly generating negative affect, negative appraisals are seen in this model as encouraging the use of maladaptive behavioural strategies and cognitive processing styles that further promote the maintenance of PTSD.

Most cognitive models of PTSD include some role for appraisals or personal meaning in the development and maintenance of this disorder. Commonalities amongst the theories seem to be beliefs that the world is a dangerous place and the self as incompetent or somehow to blame for the trauma. Several authors have made the case for applying such models to PTSD in children and adolescents (hereafter just children; Alisic, Zalta & Van Wesel, [2014](#CIT0001)).

Many studies have shown that maladaptive appraisals about the self, the world and self-blame are risk factors for PTSD. Cross-sectional studies have found measures of maladaptive appraisals, such as the Post-Traumatic Cognitions Inventory (PTCI; Foa, Ehlers, Clark, Tolin, & Orsillo, [1999](#CIT0021)) and Child Post-Traumatic Cognitions Inventory (CPTCI; Meiser-Stedman et al., [2009](#CIT0037)), to relate strongly with PTSD symptoms in children (e.g. Diehle, de Roos, Meiser-Stedman, Boer, & Lindauer, [2015](#CIT0014); Mitchell, Brennan, Curran, Hanna, & Dyer, [2017](#CIT0040)) as well as adults (e.g. Duffy, Bolton, Gillespie, Ehlers, & Clark, [2013](#CIT0015)). Maladaptive appraisals have been shown to prospectively predict PTSD symptom severity and the maintenance of PTSD symptoms in adults (e.g. Halligan, Michael, Clark, & Ehlers, [2003](#CIT0022)) and children (e.g. Bryant, Salmon, Sinclair, & Davidson, [2007](#CIT0009)). Maladaptive appraisals have also been found to predict severity of acute stress reactions in the first four weeks after a traumatic event (e.g. Nixon & Bryant, [2005](#CIT0044)). This suggests that appraisals may be particularly important in the initial stages following trauma, and could play a role in the onset of post-traumatic stress reactions.

Some other studies have shown a much more limited role for maladaptive appraisals (e.g. Kangas, Henry, & Bryant, [2005](#CIT0033)). For example, negative appraisals about the self and the world were found to predict a significant amount of variance in PTSD symptoms in the initial period following a stroke but no additional variance in PTSD symptoms at 3 months follow up (Field, Norman, & Barton, [2008](#CIT0019)). It is possible that appraisals play a different role at different time points following trauma.

The PTSD field has seen the development of numerous self-report measures for the assessment of maladaptive or negative post-traumatic appraisals. Measures such as the PTCI and CPTCI were developed with specific cognitive or cognitive-behavioural accounts of PTSD in mind (i.e. Ehlers & Clark, [2000](#CIT0018); Foa et al., [1999](#CIT0021)). Other measures have been developed in response to different models of PTSD, for example, the World Assumptions Scale (Janoff-Bulman, [1989](#CIT0029)).

Previous meta-analyses of risk factors for PTSD in trauma-exposed adults have found pre-traumatic risk factors to have smaller effect sizes (smaller than r = 0.20) than peri-traumatic (r = 0.23--0.35) or post-traumatic risk factors (r = 0.29--0.40; Brewin, Andrews, & Valentine, [2000](#CIT0006); Ozer, Best, Lipsey, & Weiss, [2003](#CIT0045)). In these studies, the effect size varied depending on the population being studied (e.g. military versus civilian samples) and methodology (e.g. prospective versus retrospective study design). Meta-analyses conducted in child and adolescent studies also found the largest effect sizes for peri-traumatic and post-traumatic risk factors (Cox, Kenardy, & Hendrikz, [2008](#CIT0010); Trickey, Siddaway, Meiser-Stedman, Serpell, & Field, [2012](#CIT0049)). These studies, however, did not explore the role of maladaptive appraisals. Mitchell et al. ([2017](#CIT0040)) did explore appraisals and PTSD in children and adolescents, and performed a meta-analysis of 11 studies, finding a large effect size (r = 0.63, 95% CI = 0.58--0.68) for this association. To date, however, no quantitative synthesis has been carried out to summarise the role of maladaptive appraisals in PTSD in both adults and children which includes a wide range of measures of maladaptive appraisals. Given the theoretical importance of maladaptive appraisals in psychological models of PTSD, it is important to summarise the literature in this area to obtain a more accurate estimate of the effect size of the relationship between appraisals and PTSD symptoms. The seemingly crucial role played by the modification of appraisals in the treatment of PTSD (Jensen, Holt, Ormhaug et al., [2018](#CIT0032); Kleim et al., [2013](#CIT0035)) and the recent addition of negative cognitions to diagnostic criteria for PTSD (American Psychiatric Association, [2013](#CIT0002)) underlines the clinical significance of this research.

Here we additionally explore variables that moderate the relationship between maladaptive appraisals and PTSD. Such moderation analyses will allow for a thorough empirical evaluation of the generalisability and methodological robustness of the research supporting an association between appraisals and PTSD. A key moderator when exploring the impact of psychological mechanisms in developing populations is age. Children's capacity to appraise a traumatic event will be influenced by their developmental stage and cognitive ability (Salmon & Bryant, [2002](#CIT0046)). In particular, a lack of knowledge and experience in young children will mean they have less detail in their schematic models about themselves and the world. This lack of detail about the causes and consequences of emotional events means young children may have fewer cognitive and emotional tools to appraise emotional events. The relationship between maladaptive appraisals and PTSD may also vary according to context, in particular, the type of traumatic event, the intentionality of the trauma, or whether or not the trauma was a single event or multiple event trauma. For example, individuals who have suffered sexual assaults have been shown to score more highly on the PTCI, than individuals involved in other traumatic events (Startup, Makgekgenene, & Webster, [2007](#CIT0048)). Previous meta-analyses have reported that study design, population (civilian vs military) and measures used moderately the effect sizes found (Brewin et al., [2000](#CIT0006); Ozer et al., [2003](#CIT0045); Trickey et al., [2012](#CIT0049)). A particular aim of the current study was to compare different subtypes of maladaptive appraisals and the relative strength of their relationship with PTSD, in particular the sub-scales of the PTCI (self, world and self-blame appraisals) and the CPTCI ('permanent and disturbing change' and 'fragile person in a scary world' appraisals). This may shed some light into which appraisals might be most significant risk factors for PTSD and therefore important to target clinically.

It is also important to explore the effect size of the relationship between maladaptive appraisals and PTSD symptoms at different time points following the trauma. This will help to establish whether appraisals have a role in the *onset* of post-traumatic stress symptoms, consider whether the association between appraisals and PTSD weakens over time, and also test the hypothesis that appraisals predict subsequent PTSD (i.e. lending support to an aetiological role for appraisals).

In summary, the primary aim of the current study was to systematically evaluate and summarise the existing PTSD literature to estimate the strength of the relationship between trauma-related maladaptive appraisals and symptoms of PTSD. The secondary aim of the study was to examine putative theoretical, population and methodological influences on the relationship between appraisals and PTSD, including the comparative strength of the relationship of different subtypes of maladaptive appraisal (self, world and self-blame) with PTSD symptoms, and the change in the strength of the relationship over time.

2.. Methods {#S0002}
===========

2.1.. Registration {#S0002-S2001}
------------------

The current meta-analysis was prospectively registered with PROSPERO on 14 September 2015 (CRD42015026224).

2.2.. Search strategy {#S0002-S2002}
---------------------

Studies were selected following a systematic search for relevant publications dating from 1980 (when PTSD was first introduced in the DSM) in PsycINFO, MEDLINE, CINAHL and PILOTS (Published International Literature on Traumatic Stress; US Department of Veterans Affairs, 2015), completed by the 3 February 2017. Reference sections of relevant book chapters and review articles were screened, a citation search for the PTCI and CPTCI was carried out and the *Journal of Traumatic Stress* was searched to identify further relevant literature. Further unpublished or 'grey' literature was sought by searching the databases OpenGrey, Dissertation Abstracts International and the British Library e-theses Online Service. Researchers who were first authors on two or more studies included in the meta-analysis were contacted via email to request any unpublished data. Two researchers provided data which extended and overlapped with papers they had published.

Search terms were: PTSD OR Posttraumatic stress OR Posttraumatic stress OR Posttraumatic stress OR traumatic neurosis AND cognitive appraisal\* OR appraisal\* OR negative cognition\* OR 'negative belief' OR "posttraumatic cognition\* OR misappraisal\*. To be included in the analysis, studies were required to meet all of the following inclusion criteria: Included participants exposed to trauma, as defined by DSM-5 PTSD Criterion A (American Psychiatric Association, [2013](#CIT0002));Included a validated measure of PTSD/ASD or PTSD/ASD severity that considers intrusions, avoidance and hyperarousal, which demonstrates adequate reliability and validity via publication of their psychometric properties in a peer-reviewed journal; andIncluded a measure of trauma-relevant maladaptive appraisals, operationally defined as how you see yourself, the world or your symptoms in the aftermath of trauma as well as self-blame or other trauma attributions.

The following exclusion criteria were applied: Review article, case study, qualitative study or book chapter;Treatment trial or sample involving only those who have a PTSD diagnosis. This is because the amount of variability in the sample for PTSD severity would be reduced in treatment trials as all individuals would have high levels of symptomatology due to having been diagnosed with PTSD. We did not exclude universal preventative treatment trials as these studies would comprise a wide spectrum of PTSD responses, allowing for a valid examination of whether PTSD severity was associated with appraisals.Not published in English;Dissertations where the full text was not available after contacting the authors and where the abstract did not provide sample size and effect size;Measures only the appraisal of a threat to life during the traumatic event. This has been addressed in previous meta-analyses (Cox et al., [2008](#CIT0010); Ozer et al., [2003](#CIT0045); Trickey et al., [2012](#CIT0049)) and did not fit our operational definition of post-trauma appraisals as outlined above. Moreover, it may be argued that peri-traumatic threat reflects an adaptive response, i.e. they accurately reflected threat during a trauma, and may have served an important function in contributing to the body's normal 'flight or fight' response.Measures appraisals prior to trauma or at the time of trauma rather than in the aftermath of trauma (e.g. appraisal of treatment, appraisal of the traumatic experience as it was happening).Measures coping self-efficacy or appraisal of ability to cope with the practical demands of life after trauma. These were excluded as they were judged to be insufficiently related to the trauma-related appraisals of interest here (i.e. relating to self, the world or PTSD symptoms).Data set previously included in another study. Estimates were taken from the peer reviewed journal article or the largest sample where more than one study or dissertation used the same data set;Study does not provide an effect size, nor sufficient data to calculate an effect size even after contacting authors;Data from individuals with PTSD were combined with data of individuals with other diagnoses (e.g. depression) but not PTSD and it was not possible to look at the groups separately; orParticipants had a traumatic brain injury.

2.3.. Screening method {#S0002-S2003}
----------------------

The screening is outlined in the PRISMA diagram in [Figure 1](#F0001). Titles and abstracts were reviewed by GG. SS reviewed all excluded abstracts. Where disagreements occurred, studies were included and put through to the next stage. The full text of eligible studies were then independently reviewed by GG and SS or JD. Where disagreements occurred a final decision about inclusion was made by the last author (RMS).10.1080/20008198.2019.1620084-F0001Figure 1.PRISMA diagram outlining results from the study selection process.

2.4.. Data extraction {#S0002-S2004}
---------------------

Information was extracted and coded by GG. Twenty per cent of studies were double-coded by SS. Agreement between GG and SS on the items in the data extraction form was 91%. Where disagreements occurred, the data was double-checked by GG in discussion with RMS.

Pearson's zero-order correlation coefficient (r) was the primary estimate of effect size. Where other measures of effect size data were given, these were converted into Pearson's r. If insufficient data was given to calculate an effect size, study authors were contacted. If authors were unable to provide the relevant information or did not respond within two weeks of being contacted then the study was excluded. If studies reported separate effect sizes for appraisal subscale scores as well as the total scores, subscale scores were used in the subscale analyses, but only the effect size for the total score was used to estimate the overall effect size. When studies reported effect sizes for multiple subscales or multiple items without the total score, then these effect sizes were combined for use in the main analysis.

Multiple effect sizes were extracted for prospective studies to explore the change in the relationship over time. In the main meta-analysis, the effect size reported for the first concurrent time point was extracted. If no concurrent data were available, then the first prospective time point was used.

2.5.. Quality assessment framework {#S0002-S2005}
----------------------------------

A quality assessment tool was developed for the purposes of the current study (available from the first author) as no individual quality assessment scales were found to be recommended in the literature for use with cross-sectional or prospective studies of risk factors (Jarde, Losilla, & Vives, [2012](#CIT0031)). In developing the assessment tool, existing checklists were reviewed and the elements relevant to the current study were adapted for inclusion. These checklists included the Quality Appraisal Checklist for Studies Reporting Correlations and Associations (NICE, [2012](#CIT0043)), the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) statement (Von Elm et al., [2007](#CIT0050)), the Quality Assessment Tool for Observational Cohort and Cross-Sectional Studies (National Heart Lung and Blood Institute, [2014](#CIT0042)) and other relevant critical appraisal tools published in the literature (e.g. Hoy et al., [2012](#CIT0028); Munn, Moola, Riitano, & Lisy, [2014](#CIT0041); Shamliyan et al., [2011](#CIT0047)).

Threats to internal and external validity relevant to the current meta-analysis included: the representativeness of the sample; appropriate recruitment and sampling; non-response bias and drop-out rates and the reliability of appraisal measures. Studies were rated low, medium or high quality depending on the number of questions answered as being at 'low risk' of bias. Studies were judged to be of high quality if they scored 'low risk' on 4 or 5 of the 5 items; medium quality if they scored 'low risk' on 2 or 3 items; and low quality if they scored 'low risk' on 0 or 1 of the items. Quality assessment was performed by GG, and 20% of studies were double-coded by SS or JD. Percentage agreement for the individual items in the quality assessment checklist was 80%. The weighted Kappa was 0.52 ('moderate') for overall quality rating.

2.6.. Data synthesis {#S0002-S2006}
--------------------

Random effects meta-analyses were performed using Comprehensive Meta-Analysis (Borenstein, Hedges, Higgins, & Rothstein, [2006](#CIT0004)). Hedges' method (Hedges & Olkin, [1985](#CIT0023)) was used to calculate an estimate of population effect size. R values were transformed into a Fisher's Z score for use in the analysis and then back-transformed to r for interpretation. Estimates of heterogeneity were calculated, using the Q statistic and the I^2^ statistic. The degree of heterogeneity was classified as 'low' (25%), 'medium' (50%) or 'large' (75%; Higgins, Thompson, Deeks, & Altman, [2003](#CIT0025)).

2.7.. Subgroup and sensitivity analyses {#S0002-S2007}
---------------------------------------

When planning this review we decided that moderator analyses were only be undertaken if 10 or more studies included data relevant to a given analysis. We also identified variables at this stage that we wished to examine as moderators. Putative *a priori* methodological moderator variables were study design, publication status, measure of PTSD, administration of PTSD measure, administration of appraisal questionnaire, appraisal measure, and when PTSD symptoms were measured. Putative *study population* moderator variables were civilian versus military sample and age of the population (child/adolescent vs. adult). Putative *trauma characteristics* moderator variables were trauma type (accident, illness or injury; combat/war exposure; interpersonal violence/sexual abuse; natural/human disaster), single trauma (e.g. road traffic accident) vs multiple trauma (e.g. domestic abuse), and intentional (e.g. assault) vs. unintentional trauma (e.g. earthquake). Not all studies provided data on each moderator variable; numbers of studies included for each moderator variable are shown in [Table 1](#T0001). Subgroup analyses were performed if there were 2 studies or more in each subgroup (Cuijpers, [2016](#CIT0011)). In order to guard against making Type I errors (finding an effect when none exists; Higgins & Thompson, [2004](#CIT0024)) the Holm method was used to adjust the level of significance for moderator analyses (Holm, [1979](#CIT0027)). No power calculations were undertaken.10.1080/20008198.2019.1620084-T0001Table 1.Results from overall and subgroup meta-analyses. KnrLLULZpQdfpTOTAL -- ALL STUDIES\*14729,8120.530.510.5630.88\<0.01*1382.37\*146*\<0.0001; I^2^ = 89.4%**Age Group**Child2593260.590.540.6418.10\<0.01   Adult12019,7950.520.490.5524.66\<0.01   *Subgroup analysis*       *5.731\<0.02***Population**Civilian13828,5300.540.510.5632.19\<0.01   Military611590.440.050.712.190.03   *Subgroup analysis*       *0.3410.56***Data used**Cross-sectional13526,9500.540.510.5730.35\<0.01   Prospective1228620.480.370.577.58\<0.01   *Subgroup analysis*       *1.3910.24***Type of report**Peer reviewed13528,5500.520.500.5529.47\<0.01   Unpublished/dissertation1212620.650.560.7211.04\<0.01   *Subgroup analysis*       *6.631\<0.02***Validity of appraisal measure**Validated12423,6400.540.510.5728.42\<0.01   Un-validated2361720.510.430.5811.04\<0.01   *Subgroup analysis*       *0.6610.42***Appraisal measure name**CPTCI1416360.650.550.7210.20\<0.01   IPSI32110.700.630.7712.22\<0.01   PBRS32590.590.500.6710.72\<0.01   PTCI9019,8000.550.520.5829.51\<0.01   SBQ4700.250.000.471.930.05   TAQ46870.38−0.010.671.930.05   WAS47080.150.080.224.00\<0.01   *Subgroup analysis*       *159.406*\<0.0001**Appraisal measure admin.**Interview33280.260.150.364.73\<0.01   Self-report14429,4840.540.510.5731.09\<0.01   *Subgroup analysis*       *32.481*\<0.0001**PTSD measure admin.**Interview3750560.510.440.5712.70\<0.01   Self-report11024,7560.540.510.5728.09\<0.01   *Subgroup analysis*       *1.0210.31***PTSD measure type**Dichotomous2534420.520.430.5910.36\<0.01   Continuous12226,3700.540.510.5729.00\<0.01   *Subgroup analysis*       *0.2110.64***Number of traumatic events**Single event6515,8990.540.500.5821.06\<0.01   Multiple event814350.520.330.674.92\<0.01   *Subgroup analysis*       *0.0710.79***Intentionality of trauma**Intentional trauma4699100.480.430.5315.81\<0.01   Unintentional trauma4410,0940.510.460.5616.31\<0.01   *Subgroup analysis*       *0.6610.42***Traumatic event type**Accident, illness or injury3650360.510.460.5615.87\<0.01   Combat/war exposure1014290.420.300.536.34\<0.01   IPV/sexual abuse2545810.480.420.5412.79\<0.01   Natural/human disaster1079500.510.390.617.57\<0.01   *Subgroup analysis*       *2.2730.52***Time trauma symptoms measured**\> 1 month after trauma8016,5750.540.500.5822.42\<0.01   0--1 month after trauma2035940.560.480.6411.34\<0.01   *Subgroup analysis*       *0.3110.58***Sensitivity analyses**No Beta co-efficient14128,5380.540.520.5732.07\<0.01*1210.58\*140*\<0.01; I^2^ = 88.4%No low quality studies10925,2400.520.490.5525.87\<0.01*1175.78\*108*\<0.01; I^2^ = 90.8%Outliers removed9616,7060.540.520.5547.53\<0.01*176.73\*95*\<0.01; I^2^ = 46.2%[^1]

Results of subgroup analyses showed a significant amount of heterogeneity was accounted for by the measure of maladaptive appraisals. In order to explore subgroup analyses without the confound of maladaptive appraisal measure blurring the results, the overall meta-analysis was repeated for studies using the PTCI or CPTCI only. These measures were selected as they are well validated and the most widely used appraisal measures. Moreover, separate meta-analyses were carried out on studies that reported effect sizes for the PTCI subscales of self, world and self-blame in adults, or the CPTCI subscales of 'fragile person in a scary world' and 'permanent and disturbing change' in children.

A separate meta-analysis was performed on prospective studies only. Studies were included in this analysis if they assessed maladaptive appraisals within one month of a trauma and reported PTSD two to four months, six months or 12 months post-trauma, where there was at least one month between appraisal assessment and assessment of PTSD. Some studies reported data at more than one follow-up time. Given that only one effect size can be extracted from each study (Borenstein, Hedges, Higgins, & Rothstein, [2009](#CIT0005)), three separate random-effects meta-analyses were performed for each of the time points to enable all studies to be included.

Sensitivity analyses were conducted to establish whether the findings were influenced by the decisions made in the process of obtaining them (Borenstein et al., [2009](#CIT0005)). These excluded studies in which the beta value was imputed in place of r, low-quality studies and outliers. Studies whose 95% confidence interval did not overlap with the 95% confidence interval of the pooled effect size were considered to be outliers (Cuijpers, [2016](#CIT0011)).

2.8.. Publication bias {#S0002-S2008}
----------------------

Funnel plots were used to graphically explore publication bias. Egger's test of the intercept (Egger, Davey Smith, Schneider, & Minder, [1997](#CIT0017)) and Duval and Tweedie's trim and fill method (Duval & Tweedie, [2000](#CIT0016)) were used as further estimates of publication bias.

3.. Results {#S0003}
===========

3.1.. Search results {#S0003-S2001}
--------------------

Overall, 2474 studies were identified and 135 met inclusion criteria (see [Figure 1](#F0001)). Supplementary Table 1 provides references for all full-text studies reviewed and the reasons for inclusion or exclusion.

3.2.. Study characteristics {#S0003-S2002}
---------------------------

Supplementary Table 3a and b describe the characteristics of all studies included in the meta-analysis. Of the 135 included studies, there were 147 independent effect sizes extracted. The total number of participants included in the main meta-analysis was 29,812. Supplementary Table 2 describes each appraisal measure included in the review.

3.3.. Meta-analysis of all eligible data {#S0003-S2003}
----------------------------------------

A random-effects meta-analysis of 147 independent effect sizes from 135 studies indicated a large effect size for the relationship between maladaptive appraisals and PTSD symptoms, *r*= .53, 95%CI = .51-.56. There was significant heterogeneity in these relationships, *Q*= 1382.31, *df*= 146, p \< 0.0001, *I^2^*= 89.4%. Effect sizes for each individual study are reported in Supplementary Table 4.

3.4.. Subgroup and sensitivity analyses {#S0003-S2004}
---------------------------------------

Subgroup and sensitivity analysis results are shown in [Table 1](#T0001). Significant heterogeneity was accounted for by several variables. Child studies showed a significantly larger effect size than adult studies, but both effects were large (i.e. \>.5). Unpublished studies yielded a larger effect size than published studies. However, both the age-related and publication status moderator analyses ceased to be significant when a Holm correction for multiple comparisons was applied. Interview measures of appraisal had a significantly smaller effect size than self-report measures, but only three studies utilised an interview format for assessing appraisals and these studies comprised relatively few participants. Individual appraisal measure also explained a significant amount of heterogeneity. No heterogeneity was explained by population (civilian vs military), study design (cross-sectional vs prospective); the validity of appraisal measure; PTSD measure administration (interview vs questionnaire), single vs multiple trauma; traumatic event type or time since trauma. Given the small number of participants in the military and multiple trauma populations and the unpublished studies, some caution should be exercised when considering these findings. The main effect size estimate was robust to the sensitivity analyses (see [Table 1](#T0001)).

3.5.. Meta-analysis of PTCI/CPTCI studies only {#S0003-S2005}
----------------------------------------------

Given the large amount of heterogeneity accounted for by measure of appraisals, the meta-analysis was repeated with just the studies that used the PTCI and CPTCI (*k*= 104). The overall analysis showed a large effect size, *r*= .56, 95%CI *=* .53-.59. Heterogeneity was high (*I^2^*= 86.2%). See Supplementary Table 5 for the contribution of each study to the overall effect size. Subgroup and sensitivity analysis results are given in [Table 2](#T0002). There was a significant difference between child and adult studies, with child studies having a significantly larger effect size than adult studies, though both effect sizes would still be considered large. Moreover, when a Holm correction for multiple comparisons was applied this relationship ceased to be significant. No heterogeneity was explained by population (civilian vs military), study design (cross-sectional vs longitudinal), PTSD measure type (continuous vs dichotomous), PTSD measure administration (interview vs self-report), single vs multiple trauma, traumatic event type or time since trauma. As noted above, it should be stressed that some moderator analyses comprised relatively small numbers of participants or studies. The overall effect size remained large in all sensitivity analyses.10.1080/20008198.2019.1620084-T0002Table 2.Table of subgroup analysis and sensitivity analysis results for ptci and cptci studies only. KnrLLULZpQdfpTOTAL CPTCI/PTCI ONLY10421,4360.560.530.5931.31\<0.01748.21\*103\<0.0001**Age Group**          Adult8413,0200.550.510.5825.09\<0.01   Child1877250.620.560.6716.14\<0.01   *Subgroup analysis*       *3.891\<0.049***Population**          Civilian9920,6330.560.530.5832.84\<0.01   Military36800.640.220.862.770.028   *Subgroup analysis*       *0.2210.64***Data used**          Cross-sectional9620,3700.570.540.5929.96\<0.01   Prospective810660.500.440.567.91\<0.01   *Subgroup analysis*       *2.6710.10***Type of report**          Peer reviewed9420,4320.550.530.5830.23\<0.01   Unpublished/dissertation1010040.640.540.739.09\<0.01   *Subgroup analysis*       *2.5710.12***PTSD measure administration**          Interview3144260.510.440.5811.75\<0.01   Self-report7317,0100.580.550.6130.54\<0.01   *Subgroup analysis*       *3.6110.06***PTSD measure type**          Dichotomous1713680.560.470.6410.05\<0.01   Continuous8720,0680.560.530.5929.31\<0.01   *Subgroup analysis*       *0.0010.99***Number of traumatic events**          Multiple event58350.640.450.785.44\<0.01   Single event4812,3200.580.530.6121.53\<0.01   *Subgroup analysis*       *0.5710.45***Intentionality of trauma**          Intentional trauma2565670.520.470.5619.11\<0.01   Unintentional trauma3171540.540.480.5914.50\<0.01   *Subgroup analysis*       *0.3110.58***Traumatic event type**          Accident, illness or injury2423950.530.470.6013.03\<0.01   Combat/war exposure68690.520.410.627.85\<0.01   IPV/sexual abuse1323640.500.450.5614.55\<0.01   Natural/human disaster873180.590.490.679.91\<0.01   *Subgroup analysis*       *2.2830.52***Time trauma symptoms measured**          \> 1 month after trauma5512,6010.570.530.6024.03\<0.01   0--1 month after trauma1622560.580.490.6610.57\<0.01   *Subgroup analysis*       *0.0510.82***Sensitivity analyses**          No Beta co-efficient10221,1610.560.540.5931.16\<0.01732.60\*101\<0.01; I^2^ = 86.2%No low quality studies7717,8220.550.520.5826.12\<0.01624.29\*76\<0.01; I^2^ = 87.8%Outliers removed7612,1570.560.530.5840.94\<0.01158.12\*75\<0.01; I^2^ = 52.6%

3.6.. Comparing subtypes of maladaptive appraisal {#S0003-S2006}
-------------------------------------------------

A series of meta-analyses were conducted looking at the sub-scales of the PTCI (in adults) and the CPTCI (in children). These analyses were planned, but given the large number (\>5000) of children and adolescents who also completed the PTCI in three studies, further sub-scale analyses were undertaken for these studies. Results of these analyses are summarised in [Figure 2](#F0002). Detailed subgroup and sensitivity results are given in Supplementary Tables 6--10; these do not include the child and adolescent PTCI studies as there was only three to consider, rendering sub-group analyses impossible. In adults the strongest relationship between maladaptive appraisals and PTSD symptoms was found for appraisals about the self (*r*= .61; 95%CI = .57-.64; *I^2^*= 84.9%), followed by world appraisals (*r*= .45; 95%CI = .41-.49; *I^2^*= 78.3%), and self-blame appraisals (*r =*.28; 95%CI = .24-.33; *I^2^*= 79.3%).10.1080/20008198.2019.1620084-F0002Figure 2.Forest plot showing effect sizes across different subtypes of maladaptive appraisal.Key: PTCI-Self = Posttraumatic Cognitions Inventory Self subscale; PTCI-World = Posttraumatic Cognitions Inventory World subscale; PTCI-Self-blame = Posttraumatic Cognitions Inventory Self-Blame subscale; CPTCI -- fragile/scary = Child Posttraumatic Cognitions Inventory Fragile Person/Scary World subscale; CPTCI- Permanent Change = Child Posttraumatic Cognitions Inventory Permanent Change subscale.

In children and adolescents, the relationships for PTCI self (*r*= 0.57; 95%CI = 0.42--0.68; *I^2^*= 97.7%), world (*r*= 0.43; 95%CI = 0.36--0.49; *I^2^*= 85.2%) and self-blame appraisals (*r*= 0.35; 95%CI = 0.26--0.44; *I^2^*= 66.8%) were broadly similar to the pattern for adults. The relationship between CPTCI-PC appraisals and PTSD symptoms (*r*= .59; 95%CI = .48-.67; *I^2^*= 86.7%) was slightly larger than CPTCI-SW appraisals (*r*= .53; 95%CI = .43-.62; *I^2^*= 84.3%). However, the confidence intervals of the effect sizes overlap, indicating that there is not a significant difference between these appraisal subtypes. Forest plots for each CPTCI sub-scale are presented in Supplementary Figures 1 and 2.

3.7.. Meta-analysis of effect size between appraisals in the acute phase and PTSD at different time points {#S0003-S2007}
----------------------------------------------------------------------------------------------------------

At 2--4 months following trauma, the effect size between maladaptive appraisals and PTSD symptoms was large (see [Figure 3](#F0003); *r =*.53, 95%CI = .44-.61; *k*= 9), with significant heterogeneity (*Q = 45.45, df = 8, p \< 0.0001; I^2^ = 82.4%*). At 6 months the effect size remained large (*r = .53, 95%CI = .48-.57, k = 13; Q = 21.60, df = 12, p \< .04; I^2^*= 44.43%). Only 3 studies reported prospective data about the correlation between maladaptive appraisals within 1 month of trauma and PTSD symptoms 12 months following trauma. Results showed a moderate effect size (*r = .32, 95%CI = .13-.48, k = 3; Q = 22.51, df = 2, p \< .001; I^2^ = 91.1%*). The effect size was slightly lower at 12 months following trauma; however, given the low number of studies at 12 months and the overlapping confidence intervals for the effect sizes at the different time points, the difference may not be significant.10.1080/20008198.2019.1620084-F0003Figure 3.Forest plot showing effect size of relationship between acute appraisals and PTSD symptoms at 2--4 months, 6 months and 12 months since trauma.

3.8.. Publication bias {#S0003-S2008}
----------------------

[Table 3](#T0003) shows the results of the tests of publication bias, which found little evidence of publication bias.10.1080/20008198.2019.1620084-T0003Table 3.Estimates of publication bias for all analyses.Meta-AnalysisEgger's test of interceptFail Safe NDuval & Tweedie's Trim and FillAll studies*t = 0.39, df = 145, two-tailed p = 0.70*5697*16 missing studies to the right of the mean; adjusted r = 0.57, 95% CI = 0.54--0.59, Q = 1982.20*PTCI/CPTCI only*t = 0.46, df = 102, two-tailed p = 0.65*3465*8 missing studies to right of the mean; adjusted r = 0.58, 95% CI = 0.55--0.61, Q = 867.48*Adult-Selft = 0.70, df = 64, two-tailed p = 0.493635*11 missing studies to the right of the mean; adjusted r = 0.64, 95% CI = 0.61--0.67, Q = 599.80*Adult-World*t = 1.16, df = 60, two-tailed p = 0.25*9942No missing studiesAdult- Self-Blame*t = 0.93, df = 57, two-tailed p = 0.36*9045*12 missing studies to right of the mean; adjusted r = 0.34, 95% CI = 0.30--0.39, Q = 456.00*Child- Perm Change*t = 0.28, df = 10, two-tailed p = 0.78*1836No missing studiesChild-Fragile/Scary*t = 0.07, df = 10, two-tailed p = 0.94*1445No missing studies2--4 months*t = 0.07, df = 7, two-tailed p = 0.95*1299No missing studies6 months*t = 0.44, df = 11, two-tailed p = 0.67*18622 missing studies to left of mean; adjusted *r = 0.51 (95% CI = .46 -- .56, Q = 28.13*12 months*t = 1.30, df = 1, two-tailed p = 0.42*116No missing studies

Funnel plots indicated small studies may have been missing, suggesting a publication bias towards larger studies (see [Figures 4](#F0004) and [5](#F0005)). Nevertheless, any publication bias that is in evidence does not affect the estimates of effect size seen; if anything, the use of Duval & Tweedie's Trim and Fill method led to slightly larger effects (see [Table 3](#T0003)).10.1080/20008198.2019.1620084-F0004Figure 4.Funnel plot of standard error by Fisher's Z for overall effect size (all studies included) showing the symmetry of the data in relation to publication bias.10.1080/20008198.2019.1620084-F0005Figure 5.Funnel plot of effect sizes exploring publication bias for meta-analysis of appraisals measured using only PTCI and CPTCI.

4.. Discussion {#S0004}
==============

The current meta-analysis aimed to summarise the literature on the relationship between measures of maladaptive appraisal used in the PTSD literature and PTSD symptoms. Results from pooling 147 independent effect sizes from 135 studies showed the effect size of the relationship between maladaptive appraisals and PTSD to be large (*r*= .53). When repeated including only the studies that used the PTCI or CPTCI, a similarly large effect was found (*r*= .56).

Analysis of putative moderators revealed few differences in this relationship. There were considerable differences in effect size between measures used to index trauma-related appraisals. We were therefore concerned that appraisal measure may have acted as a confound influencing other moderator analyses, particularly when sub-groups comprised small numbers of studies. Equally noteworthy was the lack of moderation effects for several variables, including study design (cross-sectional vs prospective), method for assessing PTSD, number of traumas, intentionality, trauma type and time when appraisals assessed. Since this pattern of results persisted even when restricting our studies to those which used the conceptually related PTCI or CPTCI, this suggests that appraisal measure did not have a major confounding effect. Moreover, effect sizes were robust to sensitivity analyses, i.e. when considering the impact of regression statistics, study quality or outliers. Minimal publication bias was apparent.

Comparison with previous meta-analyses of trauma-exposed populations is instructive. Within adults, the contrast between the effect of appraisals (*r*= .52, 95%CI = .49-.55) and other variables is stark. In their meta-analysis, Brewin et al. ([2000](#CIT0006)) synthesized data pertaining to a wide range of risk factors for PTSD. All risk factors were statistically significant, and the effect sizes ranged from r = .05 (race) to r = .40 (social support), a weaker relationship than that found in the current study for appraisals. In child studies, the effect size of *r*= .59 is comparable to the Mitchell et al., meta-analysis (*r*= 0.63, 95%CI = 0.58--0.68) and similar in size only to the relationship of thought suppression and PTSD in the Trickey et al. ([2012](#CIT0049)) meta-analysis. However, Mitchell et al. ([2017](#CIT0040)) omitted several studies included here (*k*= 11 vs *k*= 25).

4.1.. Theoretical implications {#S0004-S2001}
------------------------------

The strength of the relationship between maladaptive appraisals and PTSD is consistent with claims made by cognitive theorists that such appraisals are strongly associated with PTSD (e.g. Dalgleish, [2004a](#CIT0012); Ehlers & Clark, [2000](#CIT0018); Foa & Riggs, [1995](#CIT0020)). This relationship was present in the earliest acute phase (albeit with relatively few studies) as well as later. Crucially, several prospective studies found that acute appraisals predicted PTSD months later, albeit slightly reduced at the one-year point.

The strong relationship between maladaptive appraisals and PTSD may raise the question of whether or not measures of maladaptive appraisals are simply proxy measures of PTSD symptoms. This is particularly pertinent given that negative cognitions are now part of the diagnostic criteria for the disorder in DSM-5. Indeed, some items on assessment tools of maladaptive appraisals relate to the interpretation of intrusions or reactions since the trauma, i.e. individuals can only score highly on such items if *they are experiencing such symptoms*. Nevertheless, other strands of research support a causative rather than epiphenomenal role for appraisals, e.g. pre-trauma maladaptive appraisals predicting PTSD following trauma (Bryant & Guthrie, [2007](#CIT0008)) and clinical trials evidence showing that change in appraisals mediates treatment responsiveness (e.g. Jensen et al., [2018](#CIT0032); Kleim et al., [2013](#CIT0035); Meiser-Stedman, Smith, McKinnon et al., [2017](#CIT0038)).

While not definitive proof of an aetiological role for appraisals in PTSD, this review has highlighted the different relationships between *subtypes* of appraisal and PTSD symptoms. In adults, negative appraisals about the *self* were significantly more strongly related to PTSD symptoms than negative appraisals about the *world*, followed by appraisals of *self-blame*. A similar picture was observed for adolescent samples that also used the PTCI. The moderate effect for *world* appraisals is perhaps surprising given the strong orientation towards external threat that the disorder is typically associated with, e.g. hypervigilance, exaggerated startle, behavioural avoidance. Cognitive models of PTSD place emphasis on the role of self-appraisals in maintaining the disorder. These findings strongly support this, and suggest that an *internally* focused sense of current threat (represented by maladaptive appraisals of the self) is more important than an *externally* focused sense of threat (represented by maladaptive appraisals of the world) in PTSD.

Although the relationship between self-blame and PTSD symptoms was significant, it was the subtype of appraisal with the weakest relationship with PTSD symptoms. Doubts have been raised about the importance of the self-blame subscale of the PTCI, with some studies showing no relationship between self-blame appraisals and PTSD (e.g. Beck et al., [2004](#CIT0003)) or even a negative correlation with PTSD (Startup et al., [2007](#CIT0048)). One contribution to this disparity could be the different conceptualisations of self-blame. For example, Janoff-Bulman ([1992](#CIT0030)) made a distinction between behavioural self-blame (attributing the cause of trauma to *modifiable* characteristics of oneself) and characterological self-blame (attributing the cause of events to one's personality).

Attention should also be drawn to the strong relationship between maladaptive appraisals and PTSD symptoms in child and adolescent studies of PTSD. The age range of the participants in the included studies did not comprise very young children, and given the youngest mean age for the studies included in this meta-analysis was 9.9 years (the median age being 13.5 years), these studies would perhaps be better described as adolescent rather than child and adolescent. By this stage, youth will have developed at least some complex cognitive and emotional capacity enabling them to appraise traumatic situations and their responses (Salmon & Bryant, [2002](#CIT0046)), making the potentially distorting appraisals thought to contribute to the maintenance of PTSD possible. Another factor that might contribute to the large effect size found in the child studies could be the measures themselves used to assess appraisals. Both sub-scales of the CPTCI relate to self-appraisals. Moreover, the CPTCI does not contain a self-blame scale, which as seen in the adult studies has the weakest relationship with PTSD symptoms. While there was no difference between the CPTCI-SW and CPTCI-PC sub-scales, this may be attributable to the large proportion of items relating to the self in the CPTCI-SW subscale.

4.2.. Clinical implications {#S0004-S2002}
---------------------------

The strong relationship found between maladaptive appraisals and PTSD symptoms across populations and types of trauma reinforces their role as an important target for psychological intervention. Maladaptive appraisals about the self could be a priority for treatment. Treatment such as trauma-focused CBT should focus on helping the person to recover a sense of themselves as a worthy person who is in control and not 'damaged'.

It is noteworthy that trauma characteristics did not moderate the effect size in any of the analyses, i.e. appraisals play an important role regardless of whether the trauma was interpersonal or not, intended or not, or even involving single or multiple trauma. This pattern was consistent across subtypes of appraisal. Thus, while certain types of trauma exposure may seem particularly severe, it remains the case that the individuals' appraisals remain a key aspect of their traumatic stress reaction. The finding in this study that appraisals within one month of trauma are related to PTSD symptoms up to one year after the traumatic event suggests that appraisals may be something to include in screening programmes for individuals recently exposed to trauma.

4.3.. Suggestions for future research {#S0004-S2003}
-------------------------------------

Several populations have received little attention with respect to the role of appraisals. More studies in younger child populations are needed. Given the unique combination of high exposure rates and occupational demands placed on military personnel, this population would also warrant closer attention, especially given that a previous meta-analysis found that being in the military is a moderator of effect size for PTSD risk factors (Brewin et al., [2000](#CIT0006)). The current meta-analysis also highlighted a relative lack of studies exploring appraisals in multiple trauma populations. Additionally, only three studies looked at PTSD symptoms at a one-year follow-up. Research efforts should, therefore, be focused at longer-term follow up of trauma survivors, even beyond the 1-year mark, to explore the role of appraisals at extended time-points following trauma.

Future studies may wish to explore the role of self-blame in PTSD in more detail including characterological and behavioural self-blame. Future systematic reviews might also pay attention to the issue of specificity, i.e. are appraisals around trauma as strongly related to other psychopathology as to PTSD.

4.4.. Limitations of the current study {#S0004-S2004}
--------------------------------------

This meta-analysis was limited by the large amount of heterogeneity in the included studies. Subgroup analyses revealed that a significant amount of variation could be explained by moderator variables identified *a priori*. However, several of our moderator analyses were limited by the small number of studies available, particularly for military and multiple trauma populations, and may have been influenced by other confounding variables, e.g. the measures used in certain types of study. It should be noted that the estimate of the effect size remained very similar when outliers were removed and heterogeneity reduced. Further subgroups such as gender may be useful to explore; however, it is important to note that some moderation effects (notably for the child vs adult comparison) were non-significant once adjustment was made for multiple comparisons. Future reviews may, therefore, need to choose moderator variables more selectively or seek to address a specific theoretical question concerning the relationship between appraisals and PTSD.

A further limitation was the lack of reporting of information in some of the studies. Several studies failed to report the time since the traumatic event occurred that assessments were taken. Many studies grouped individuals who had experienced different types of trauma together.

4.5.. Conclusion {#S0004-S2005}
----------------

The current review found a large effect size for the relationship between maladaptive appraisal and PTSD. This relationship was robust to sensitivity analyses and publication bias. In adults, there was a clear difference between subtypes of maladaptive appraisal, with maladaptive appraisals about the *self* having the strongest relationship to PTSD symptoms, followed by appraisals about the *world* and finally *self-blame*. The relationship between maladaptive appraisals and PTSD was no weaker in child/adolescent studies than adult studies, with both age groups demonstrating a large effect (*r*s\>.5). The relationship remained significant (if slightly weaker) up to 1 year following trauma. Maladaptive appraisals should be important targets for intervention in children, young people and adults. Further research is warranted in relation to several highly vulnerable groups (e.g. young children, military populations, those exposed to multiple traumas).
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[^1]: \* Not all items add up to 147 as not all studies reported information on the subgroups in question.
